mm 


gmnHta 

!!'''V,li,  '  ■"i:v>V'ii;'.Y,,,./'r  '■■'■. ■, 

HHH 

HISiK 


>ESIGN  AND  DEVELOPMENT  OF  AN  X-RAY 
CAMERA   FOR  CONTINUOUS  POWDER 

PHOTOGRAPHS   DURING   PROGRAMMED 
TEMPERATURE  CHANGES 


5  D.  KEIL 


,40 


This  document  has  been  approved  for  public 
release  and  sale;  its  distribution  is  unlimited*. 


DESIGN  AND  DEVELOPMENT  OF  A  X-RAY  CAMERA 
FOR  CONTINUOUS    POWDER   PHOTOGRAPHS 
DURING  PROGRAMMED  TEMPERATURE  CHANGES 

by 


Louis  Do  £eil 
Lieutenant  Commander,  tmited  States  Navy 
BoSoMcEcj  Purdue  University^  1955 


Submitted  in  partial  fulfillment 
for  the  degree  of 

MASTER  OF  SCIENCE  IN  MATERIALS  SCIENCE 

from  the 
UNITED  STATES  NAVAL  POSTGRADUATE  SCHOOL 

May  1966 


ABSTRACT 

X-ray  Analysis,  using  the  Debye-Scherrer  method,  has 
been  a  laboratory  tool  for  many  years  in  studying  the  be- 
havior of  materials.  The  importance  of  performing  investi- 
gations at  high  temperatures  and  changing  environments  led 
to  the  design  and  development  of  a  X-ray  Camera  that  ex- 
tends the  capabilities  of  basic  powder  pattern  technology. 
A  camera  was  designed  to  take  a  continuous  sequence  of 
x-ray  powder  photographs  on  a  single  strip  of  film  while 
specimen  temperature  was  changed.  The  design  and  develop- 
ment of  this  apparatus  and  its  application  in  phase  trans- 
formation studies  is  described  and  illustrated.  The  pow- 
der pattern  photographs  obtained  with  this  apparatus  pro- 
vide desirable  features  and  comparison  presentation  that 
can  be  applied  to  other  environmental  investigations. 
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1.   Introduction . 

In  man's  quest  to  extend  his  frontiers  from  the  com- 
fortable confines  on  the  surface  of  Mother  Earth  to  the  un- 
knowns of  outer  space  and  forbidding  depths  of  the  sea, 
there  have  been  increased  demands  on  materials  to  withstand 
extreme  ranges  of  temperatures,  pressures,  and  other  ad- 
verse conditions o  Our  success  or  failure  in  the  future,  as 
in  the  past,  depends  on  man's  fuller  understanding  and  im- 
aginative use  of  the  materials  available  *     There  are  many 
tools,  both  microscopic  and  macroscopic,  which  enable  man 
to  probe  deeply  into  the  mechanical  and  physical  behavior 
of  materials  0 

One  of  the  tools  of  the  twentieth  century  is  X-ray  a- 
nalysiSo  From  the  outset  of  the  discovery  of  diffraction 
of  X-rays  by  crystals  and  consequent  recording  on  a  film, 
it  was  recognized  that  here  was  a  tool  to  be  adapted  for 
detailed  study  of  a  large  group  of  materials,  including 
metals  and  their  alloys,  which  are  characterized  by  a  crys- 
talline state o  X-ray  analysis  reveals  the  nature  of  the 
metal  showing  how  the  atoms  are  placed  relatively  to  each 
other 0  One  method  of  X-ray  analysis  is  known  as  the  Debye- 
Scherrer  or  powder  method  and  is  especially  attractive  to 
the  metallurgist  since  it  does  not  require  single  crystals 
of  metals  which  are  difficult  to  obtain o  Fundamentally,  the 
powder  method  provides  a  way  of  investigating  the  crystal- 
lography of  the  crystal  powder o  The  powder  method  pro- 
vides the  following  for  the  investigator  with  varying  de- 


grees  of  accuracy  as  compared  to  other  methods. ["3, 8, 9,12,13] 

(1)  Precise  lattice  constants 

(2)  Phase  identification 

(3)  Solid-solution  studies 
(k)     Stress  measurements 

It  was  recognized,  shortly  after  the  powder  method  was 
discovered,  that  it  would  be  very  desirable  to  observe  the 
possible  changes  in  the  structure  of  a  substance  after  the 
environment  was  altered.  Temperature  effects  on  material 
behavior  seemed  the  most  significant  of  the  environmental 
factors,  and  therefore  more  research  has  been  done  in  this  / 
area  than  in  all  the  others  combined.  Debye  cameras,  adapted 
for  high  temperature  work,  vary  from  laboratory  to  laboratory 
sinc«  the  criteria  are  subject  to  the  demands  of  the  user. 
Ql5,18,23)   One  demand  for  a  high  temperature  camera  is  the 
determination  of  phase  transformation  temperatures,  which 
are  used  in  phase  diagram  construction. [2,6,8, lk\ 

In  the  past  the  data  for  constructing  the  phase  diagram 
for  any  system  of  metals  has  been  obtained  by  some  secondary 
method  or  methods,  such  as  heating  or  cooling  curves,  dilato- 
meter  measurements,  specific  heat  curves,  resistivity  curves. 
Occasionally,  X-ray  diffraction  powder  patterns  have  been 
used,  but  only  on  specimens  which  have  been  quenched  from  the 
temperature  for  which  the  data  are  desired.  The  unreliabil- 
ity of  the  above  methods  led  to  a  primary  and  reliable  method 
of  obtaining  phase  diagram  data  by  means  of  a  controlled- 
temperature  X-ray  diffraction  technique. [2^  The  method 


consists  of  heating  the  specimen  to  the  desired  temperature 
in  a  specially  designed  small  furnace  which  is  contained  in 
the  X-ray  powder  camera;  a  diffraction  pattern  of  the  mate- 
rial is  then  obtained  while  the  specimen  is  held  at  this 
elevated  temperature .   For  a  specimen  of  specified  compo- 
sition, a  series  of  photographs  are  taken  at  various  tem- 
peratures „  Since  each  phase  has  its  own  unique  and  dis- 
tinctive pattern,  a  phase  change  or  a  change  from  one  phase 
to  two  phases  or  the  reverse  may  be  detected  easily. 

The  primary  method  described  above  has,  in  common  with 
all  known  previous  methods ,  one  feature  which  is  a  disad- 
vantage -  it  is  time  consuming »  The  following  procedure 
for  making  a  temperature  study  of  a  specimen  of  specific 
composition  illustrates  the  tasks  and  time  involved.  The 
specimen  is  heated  in  the  camera  furnace  to  the  desired 
temperature  and  when  equilibrium  conditions  prevail,  a 
diffraction  pattern  is  obtained 5  the  imput  to  the  furnace 
is  then  increased  to  raise  the  specimen  temperature  to  that 
next  desired;  the  previously  taken  film  is  developed;  an 
interval  of  time  is  allowed  to  elapse  for  equilibrium  con- 
ditions to  obtain  before  the  next  pattern  is  photographed; 
this  process  is  then  repeated  for  as  many  temperatures  as 
are  necessary  for  the  required  data  to  be  determined.  A 
single  run  for  a  specimen  of  specified  composition  may  take 
several  days  of  continuous  work  for  the  investigator. 

This  primary  or  single  exposure  method  was  further  re- 
fined by  using  a  controlled-temperature  furnace  adapted  for 


use  on  a  Weissenberg  X-ray  Goniometer.  This  apparatus  al- 
lows a  series  of  diffraction  patterns  to  be  recorded  on  a 
single  film,  obviating  the  necessity  of  individually  devel- 
oping each  pattern  obtained  in  a  run.  Figure  21B  shows  the 
resulting  series  of  powder  patterns  using  this  apparatus. 
N.  W.  Buerger,  who  developed  the  controlled  tempera- 
ture X-ray  diffraction  techniques  as  described  in  the  pre- 
vious paragraphs,  has  further  suggested  a  camera  which 
could  take  a  continuous  series  of  exposures  on  a  single 
sheet  of  photographic  film,  while  the  specimen  is  subjected 
to  programmed  temperature  changes.  This  concept  would  per- 
mit all  the  X-ray  diffraction  patterns  of  the  subject 
material  to  be  recorded  on  one  film  strip  and  facilitate 
comparison  of  the  patterns.  Phase  transformation  tempera- 
ture investigation  as  indicated  above  is  one  area  where  an 
apparatus  based  on  this  concept  would  be  advantageous.  The 
objectives  of  this  research  are  the  development  of  such  an 
apparatus  and  the  determination  of  its  feasibility  and 
application  in  phase  transformation  studies. 
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2.  Literature  Review. 

Before  any  apparatus  was  designed  to  be  used  for  exam- 
ining the  relative  merits  of  the  concepts  proposed,  a  gen- 
eral study  of  high  temperature  X-ray  equipment  and  proce- 
dures was  conductedo  The  references  contained  in  the 
Bibliography  cover  the  literature  on  high  temperature  X-ray 
analysis  in  general  from  19*+0  to  the  present .  Although 
many  different  camera- furnace  combinations  and  high  tem- 
perature technology  are  described  in  these  references,  it 
was  noted  that  the  concepts  and  camera  proposed  for  this 
research  had  not  received  previous  attention  with  the  ex- 
ception of  the  phase  diagram  determination  studies  dis- 
cussed in  the  introduction[23«  However,  the  author  toward 
the  end  of  his  experimental  work  found  reference  to  a  camera 
which  has  similarities  in  objectives  to  the  one  described  in 
this  report [l^+j  .   The  camera  cited  is  commercially  available 
from  the  Central  Research  Laboratories,  Inc0,  Red  Wing, 
Minnesota,  and  is  capable  of  operating  at  1000°Co   It  is  de- 
signed with  the  specimen  rotating  on  a  horizontal  axis  with 
a  movable  carrier  which  allows  five  separate  7-mm  wide  pat- 
terns at  selected  temperatures  to  be  taken  on  a  single  strip 
of  filmc   Differences  between  the  Central  Research  camera 
and  the  one  designed  and  used  in  this  research  are  apparent 
in  the  body  of  this  report 0 


3.  High  Temperature  X-ray  Technology. 

The  interest  in  high  temperature  X-ray  cameras  dates 
back  to  1921.  Discarded  from  the  outset  was  the  possibility 
of  enclosing  the  entire  camera  in  a  thermostatically  con- 
trolled chamber  since  the  film  deteriorates  rapidly  above 
70°C.  Development  of  a  more  stable  film  was  dropped  in 
favor  of  developing  a  device  to  heat  the  specimen  separately, 
while  keeping  the  film  cool  by  means  of  a  radiation  shield 
or  cooling  coils  around  the  heater.  Furnace  designs  are  in- 
tricate and  varied  and  can  be  placed  into  four  heating 
classes[2,l+,9,l5,l8»23,214]. 

(1)  Passage  of  electric  current  through  wire  specimens. 

(2)  Induction  heating  through  the  specimen,  or  if  that 
is  not  possible  by  induction  heating  of  a  special- 
ly prepared  specimen  container. 

(3)  Focused  high  intensity  light  rays  -  a  type  of  so- 
lar furnace. 

(H)   Electric  resistance  heaters. 
Each  heating  class  has  its  own  merits  and  all  have  difficul- 
ties in  temperature  measurement,  which  increase  in  magnitude 
as  higher  temperatures  are  required  [12] • 

Of  the  various  methods  to  measure  specimen  temperatures 
the  principal  one  is  by  means  of  thermocouples [11,17]  . 
Thermocouple  procedures  followed  by  researchers  in  the  past 
have  been  quite  varied  in  an  effort  to  overcome  the  problems 
that  are  imposed  by  the  size,  shape,  and  location  of  the 
specimen  being  measured.  These  problems  contribute  to 
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errors  in  temperature  measurement,  and  the  majority  of  re- 
ported experimental  work  avoids  detailed  discussion  on  error 
analysis  [23]  .  Another  method  of  temperature  measurement 
uses  an  internal  standard  [20]  „   It  is  preferable  to  thermo- 
couples at  higher  temperatures  where  a  greater  degree  of 
accuracy  is  desired .   In  this  method  sample  temperatures  are 
determined  by  comparing  expansion  measurements  from  powder 
patterns  of  a  material ,  such  as  platinum,  intimately  mixed 
with  the  sample,  to  a  standard  expansion  curve  of  the  added 
material.,  The  expense  of  the  internal  standard  and  the  com- 
plexities in  specimen  preparation  limit  its  use»  An  addi- 
tional method  of  determining  specimen  temperature,  with  a 
high  degree  of  accuracy,  is  to  calibrate  the  heating  unit 
using  various  polymorphous  substances  of  known  transforma- 
temperatures [2,^,16]  o  The  polymorphic  specimen  is  mounted 
in  the  camera  and  a  series  of  powder  photographs  are  taken 
at  known  energy  imput  to  the  heating  element <,  The  trans- 
formations are  noted  in  the  photographs  and  a  temperature- 
energy  calibration  chart  may  be  plottedo  This  reduces  the 
effect  of  temperature  gradient  of  the  furnace  to  a  minimum, 
since  one  is  concerned  only  with  the  temperature  of  the 
portion  of  specimen  giving  rise  to  the  diffraction  pattern. 
Another  difficulty  encountered  in  furnace  design  con- 
cerns temperature  gradients  across  the  specimen .  Tempera- 
ture gradients  contribute  to  line  broadening  of  the  X-rays 
being  diffracted,  and  this  is  most  undesirable  if  the  pow- 
der patterns  are  to  be  used  in  the  determination  of  exact 
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lattice  parameters.  However,  temperature  gradients  are  more 
of  a  problem  in  diffractometer  specimens,  than  in  powder 
specimens,  and  when  using  metallurgical  powder  specimens, 
temperature  gradients  can  be  considered  negligible  due  to 
their  high  thermal  conductivity. 
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h.     Proposed  Concept  and  Applications „ 

The  Debye-Scherrer  or  powder  method  employs  monochro- 
matic radiation  falling  on  a  powdered  specimen  or  fine 
grained  polycrystalline  specimen,  and  produces  a  single 
diffraction  pattern  on  a  strip  of  photographic  film.  This 
research  modifies  the  standard  camera  by  taking  a  continuous 
sequence  of  powder  patterns  on  one  sheet  of  photographic 
film.  This  entails  moving  the  film  across  the  path  of  the 
diffracted  X-rays  in  much  the  same  manner  that  the  Weissen- 
berg  camera  moves  horizontally  across  the  diffracted  X-ray 
patho  However,  the  concepts  of  this  research  require  the 
horizontal  movement  to  attain  a  series  of  powder  patterns 
for  a  different  reason  than  that  employed  in  the  Weissen- 
berg method.   It  will  be  recalled  that  in  the  introduction 
section  of  this  paper,  components  of  the  Weissenberg  were 
used  for  an  apparatus  to  obtain  a  series  of  powder  photo- 
graphs on  one  film  strip.  The  components  used  did  not  in- 
clude the  Weissenberg 's  mechanism  for  continuous  horizontal 
travel.  For  the  proposed  camera,  as  compared  to  the 
Weissenberg  camera,  a  much  slower  horizontal  advancement  is 
required  since  translation  speed  is  determined  by  exposure 
time  of  the  sample  being  used.  During  the  horizontal  move- 
ment of  the  film  the  temperature  of  the  specimen  will  be 
changed  at  a  slow  rate  endeavoring  to  observe  and  compare 
diffraction  pattern  changes  on  a  single  strip  of  film. 
This  entails  heating  the  specimen  at  a  predetermined  rate 
correlated  with  the  exposure  period. 
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By  means  of  a  hypothetical  example,  the  concept  of  this 
research  will  be  repeated  by  the  following  illustration. 
From  a  powder  or  thin  solid  specimen  mounted  in  a  furnace,  a 
X-ray  powder  pattern  will  be  focused  on  a  small  section  of  a 
long  photographic  film  strip.  The  film  strip  moves  across 
the  focused  X-ray  diffraction  area  at  a  speed  coincident 
with  the  necessary  exposure  time  for  the  specimen  and  radia- 
tion used,  and  results  in  a  continuous  series  of  powder  pat- 
terns recorded  on  the  film.  At  the  same  time  the  film  is 
moving,  the  specimen  will  be  heated  at  a  predetermined 
rate.   If  the  temperature  increase  is  slow  enough,  a  possi- 
ble slope  to  the  lines  of  the  powder  pattern  may  result. 
This  slope  should  be  in  direct  proportion  to  the  rate  of 
thermal  expansion  of  the  sample  material.   If  the  sample  is 
polymorphic,  a  definite  change  in  pattern  would  be  evidence 
of  a  phase  transformation. 

Figure  1  shows  the  author's  conceptual  sketch  depicting 
a  standard  powder  pattern  at  room  temperature,  a  film  strip 
with  a  continuous  series  of  powder  patterns,  and  a  powder 
pattern  at  an  elevated  temperature,  which  illustrates  pic- 
torially  the  anticipated  results  of  the  example  presented 
in  the  last  paragraph. 

In  applications  to  specimens  of  unknown  composition  the 
following  procedure  is  proposed  for  phase  transformation  in- 
vestigation. The  apparatus  proposed  could  be  used  for  a 
survey  stage  in  specimen  investigation,  by  scanning  a  pre- 
determined temperature  range  and  having  the  results  on  one 
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film  strip.  This  survey  information  provides  the  investi- 
gator with  small  temperature  ranges  of  interest.  These 
temperature  ranges  could  be  examined  more  closely  by  de- 
creasing the  rate  of  temperature  change  per  exposure  during 
a  second  camera  pass,  and  if  a  phase  transformation  is  ob- 
served by  a  change  in  pattern  its  transformation  tempera- 
ture could  then  be  determined  to  a  high  degree  of  accuracy. 
It  is  not  anticipated  that  the  pattern  will  yield  a  suffi- 
cient number  of  lines  of  the  sharpness  required  to  enable 
lattice  parameter  measurements.   Therefore  the  investigator 
at  this  point  must  remove  the  specimen  and  use  one  of  the 
conventional  high  temperature  cameras  for  portions  of  the 
investigation  dealing  with  specific  parameter  measurements. 
This  application  does  not  necessarily  cut  down  on  the  time 
that  was  formerly  required  in  the  investigation  described 
in  the  introduction,  but  what  is  more  important,  the  dark 
room  time,  camera  manipulation,  and  temperature  control  is 
cut  to  a  minimum  and  thus  relieves  the  investigator  of 
these  burdensome  time  consuming  endeavors.   Other  advan- 
tages are  that  one  film  strip  provides  the  entire  record 
for  the  investigation,  and  two  or  more  related  specimens 
can  be  interchanged  and  recorded  on  a  single  film  strip 
for  ready  comparison.  Further  the  basic  concept  of  moving 
the  film  across  the  X-ray  path  and  recording  continuous 
powder  patterns  could  be  employed  for  other  environmental 
variables  affecting  the  specimen.   Temperature  was  selected 
for  this  research  for  reasons  specified  in  the  introduction. 
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5.  Description  and  Operation  of  Apparatus. 

Figures  2  and  3  show  the  camera  assembly  with  the 
major  components  labeled .  Before  designing  the  components 
a  cardboard  model  was  constructed  to  show  the  relative  size 
of  the  apparatus ,  and  give  an  overall  idea  of  how  the  parts 
would  mate  together.  The  working  drawings  and  parts  list 
are  given  in  the  Appendix .  The  material  used  for  the  en- 
tire assembly  is  brass  and  is  of  a  heavier  construction  than 
is  actually  necessary „     Brass  was  used  for  ease  in  machining 
and  was  available  from  the  U„  S0  Naval  Postgraduate  School 
Machine  Shop  in  3A  inch  plates  of  the  length  and  width 
dimensions  required.  The  camera  was  designed  using  3A  of 
an  inch  as  a  basic  thickness  dimension,  wherever  practical 
to  save  time  on  machining  operations. 

Figure  k   shows  the  camera  structure,  without  the  film 
cassette  and  main  support  post  with  attachments,  in  align- 
ment with  the  North  American  Philips  X-Ray  unit.  The  colli- 
mator holder  is  attached  to  the  sliding  support  base,  and 
can  be  adjusted  to  provide  alignment  to  the  center  line  axis 
of  the  specimen.  The  sliding  support  base  serves  to  move 
the  entire  upper  assembly  away  from  the  X-ray  exit  port  and 
provides  an  additional  means  for  perpendicular  positioning 
of  the  collimator  to  the  specimen o  The  three  screw  legs 
permit  the  entire  assembly  to  be  leveled  on  the  X-ray  ma- 
chine and  allow  perpendicular  alignment  of  the  collimator 
to  the  X-ray  exit  port,  which  on  the  Philips  unit  is  posi- 
tioned at  an  angle  less  than  90°C  from  the  horizontal* 
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Figure  5  shows  the  cylindrical  post  used  to  support  the 
specimen  holder,  the  furnace,  and  X-ray  pattern  focusing  at- 
tachment.  The  specimen  holder  consists  of  an  eccentric  cam 
device  attached  to  a  1/8  inch  drill  rod  ll£  inches  long. 
The  eccentric  cam  device  is  of  the  standard  type  employed 
in  other  powder  cameras  and  provides  a  means  for  centering 
the  specimen  to  the  collimated  X-ray  beam.  At  the  right  end 
of  the  drill  rod  a  pulley  is  attached  by  which  the  specimen 
can  be  rotated.  The  pulley  and  accompanying  pulley  cable 
(oversized  "0M  Ring)  are  driven  by  a  1  RPM  synchronous 
timing  motor,  manufactured  by  Bristol  and  distributed  by  the 
Minarik  Elec.  Co.,  Los  Angeles,  Calif.,  attached  to  the 
lower  base  of  the  apparatus. 

The  furnace,  which  surrounds  the  specimen,  is  shown  in 
Figure  6  in  its  operating  position.   It  is  a  resistance  type 
heater  with  a  heating  capacity  up  to  800°C ,  and  is  con- 
structed to  permit  rapid  temperature  change.   It  is  part  of 
a  matching  powder  camera,  and  is  described  in  detail  by  its 
designers ,{_\\     This  camer-furnace  combination  was  manufac- 
tured by  Otto  von  der  Hyde  and  has  been  used  for  a  number  of 
years  by  the  Material  Science  Department  of  the  U.  S.  Naval 
Postgraduate  School.  A  detailed  look  at  the  furnace  is  not 
possible  from  Figure  6  as  the  water  cooling  jacket  is  the 
most  distinquishing  feature  shown  and  conceals  the  inner  com- 
ponents. The  major  components  not  shown  are  the  heating 
element,  radiation  barriers,  and  mountings.   The  heating 
element  is  a  coil  of  chromel  wire  on  the  inside  of  a  slotted 
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porcelain  tube  which  surrounds  the  specimen  coaxially.  The 
temperature  is  maintained  by  radiation  barriers  of  aluminum 
cylinders  of  low  heat  capacity  providing  rapid  specimen 
temperature  changes.  The  visible  cooling  jacket  protects 
the  film  against  the  high  temperature  of  the  furnace  and 
provides  a  ground  level  of  temperature.  By  providing  a 
ground  level,  a  definite  amount  of  electrical  energy  will 
raise  the  specimen  a  definite  temperature  interval,  AT,  a- 
bove  this  ground  level.  The  source  of  energy  for  the  fur- 
nace is  a  voltage/current  regulated  direct  current  power 
supply.   It  is  manufactured  by  Kepco  Inc.,  Mod  ch  18-3,  and 
its  operation  will  be  described  later  in  this  report. (j2l] 

Figure  7  shows  the  X-ray  diffraction  pattern  focusing 
attachment  positioned  over  the  furnace  and  maintained  in 
proper  position  by  a  guide  arm  on  the  cylindrical  post. 
The  focus  attachment,  utilizing  either  a  1/8  inch  or  1/16 
inch  wide  slit,  serves  to  confine  the  diffraction  pattern 
to  a  narrow  vertical  strip  on  the  film.  A  5/16  inch  hole 
located  on  the  slit  cylindrical  center  line  and  opposite 
the  slit  provides  a  means  for  the  collimated  X-ray  beam  to 
enter.  Directly  opposite  the  collimator  entry  hole  is  a 
movable  exit  collimator  with  a  lead  shield  used  as  a  beam 
catcher.  The  slit  is  180°  in  circumferential  length  and 
located  to  be  compatible  to  the  film  cassette.   For  a  better 
understanding  of  the  focusing  attachment  and  location  of  the 
slit  and  the  collimator  entry  and  exit  holes,  the  reader  is 
referred  to  the  Appendix  where  a  working  drawing  can  be 
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found. 

Figure  8  shows  the  carriage  with  film  cassette  in  its 
extreme  left  hand  or  starting  position.  The  carriage 
carries  the  film  cassette  to  the  right  as  viewed  in  the 
figure  at  very  slow  speeds  across  the  path  of  the  focused 
diffraction  pattern.  This  carriage  is  driven  by  an  accu- 
rately machined  threaded  rod  and  guided  in  its  horizontal 
travel  by  means  of  a  second  rod  located  in  precision  slide 
bearings  attached  to  the  carriage.   The  drive  rod  is  1/2 
inch  in  diameter  with  56  threads  per  inch.  The  number  56 
was  selected  for  the  following  two  reasons.  First,  a  fine 
thread  is  required  for  smooth  advance.  Secondly,  it  is  the 
preprogrammed  thread  cutting  speed,  of  the  "Lebold"  Lathe 
used  in  its  manufacture,  that  comes  closest  to  60  threads 
per  inch,  the  desired  number  for  quick  calculation  purposes 

The  following  rough  calculation  was  used  to  determine 
the  motor  speeds  required  for  the  experimental  work  antici- 
pated. 

(1)  Assume  60  threads  per  inch. 

(2)  This  implies  that  for  a  motor  speed  of  1  RPM  the 
carriage  would  advance  1  inch  in  1  hour. 

(3)  Knowing  that  the  slit  size  on  the  diffraction  fo- 
cusing attachment  is  either  1/8  or  1/16  inch  im- 
plies eight  or  sixteen  exposures  side  by  side  in 
one  inch.  Consequently  the  exposure  times  are 
7.5   minutes  and  3*75  minutes  respectively  for  a 

1  RPM  motor. 
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(h)      The  anticipated  exposure  tiroes  range  from  30 
minutes  to  2  hours,  and  are  based  on  experi- 
mental work  using  the  single  exposure  high  tem- 
perature cameras.  Also  increases  in  these  ex- 
perimental times  are  necessary  due  to  cassette 
absorption,  capillary  reflection,  and  higher 
temperatures . 
(5)  Therefore  from  steps  1  to  *+,  motor  speeds  in  the 

range  of  1/k  RPM  to  1/32  RPM  are  required. 
It  is  rather  difficult  to  find  a  variable  speed  motor 
at  the  slow  speeds  required,  and  for  that  reason  a  number  of 
small  fractional  speed  synchronous  timing  motors  of  the  type 
described  for  specimen  rotation  were  selected  to  cover  the 
above  range  of  speeds.  The  motor  drive  is  coupled  to  the 
drive  rod  by  a  close  tolerance  fit  and  locking  set  screw, 
and  can  easily  be  changed  when  a  different  carriage  speed  is 
required.  The  carriage  lifts  from  the  threaded  portion  of 
the  rod  and  can  slide  to  another  desired  position  easily. 
This  movement  is  accomplished  by  the  carriage  drive  trans- 
mission block  which  contains  a  semi-circular  threaded  hole, 
which  mates  with  the  rod  during  the  actual  operation  of  the 
carriage. 

Figure  9  shows  the  film  cassette  being  loaded  with  a  7 
inch  long,  3i  inch  wide  film.   It  will  be  noted  that  the 
cassette  has  a  semi-circular  profile.   The  semi-circular 
shape  permits  the  cassette  to  travel  along  with  the  carriage 
previously  described  and  not  interfere  with  the  entrance 
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collimator  or  wiring  and  cooling  lines  of  the  furnace. 
Cassette  geometry  and  design  basically  follow  the  standard 
objectives  as  described  by  M.  J.  Buerger,  Klug  and  Alexan- 
der, and  A.  Taylor  in  their  books  dealing  with  this  subject. 
|~5, 9,1*1)   A  light  tight  film  cassette  is  possible  by  using 
an  aluminum  sheet,  .035  inch  thick  aluminum  alloy  used  in 
lithography,  previously  employed  in  film  holders  for  pre- 
cession cameras.  The  film  is  held  in  a  semi-circular  con- 
figuration by  this  aluminum  sheet  which  permits  passage  of 
the  x-ray  diffraction  pattern.  The  aluminum  does  extract  a 
cost  in  the  longer  exposure  time  required,  but  reduces  the 
air  scattering  pattern  that  results  from  the  added  distance 
between  entrance  and  exit  collimators  necessary  for  furnace 
location.  Three  screws  secure  a  cover  plate  over  the  film 
loading  end  of  the  cassette.  After  exposure  the  film  is 
extracted  without  difficulty  from  the  cassette  by  tweezers. 
For  short  periods  of  operation  the  film  length  can  be  re- 
duced accordingly. 

The  cassette  is  shown  in  its  normal  starting  position 
on  the  carriage  in  Figure  8.  The  cassette  assembly  is  free 
to  slide  between  two  guiding  bars  on  the  carriage  to  a  de- 
sired location  relative  to  the  entrance  collimator  and  then 
locked  in  place  by  means  of  a  spring  loaded  handle.  Figure 
10  shows  the  unit  as  it  looks  at  the  completion  of  an  ex- 
perimental run.  The  time  elasped  for  the  position  shown  in 
Figure  10  relative  to  Figure  8  is  on  the  order  of  26  hours 
for  specimens  requiring  a  30  minute  exposure  time  and  using 
a  1/8  inch  slit  focusing  attachment. 
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6.  Furnace  Operation  and  Programmed  Heating. 

The  furnace,  which  was  previously  mentioned,  is  shown 
in  Figure  5  in  its  operating  position  on  the  camera  appara- 
tus. The  furnace  is  connected  to  a  Kepco  Inc.  Mod  ck  18 
voltage/current  regulated  direct  current  power  supply. [2lj 
This  power  supply  and  furnace  combination  was  used  recently 
by  Lt.  McHugh  in  high  temperature  X-ray  studies  of  a  Cu-Be 
alloy.  26   The  output  current  is  constant  during  long  ex- 
tended operating  periods  and  fluctuating  line  currents. 
Lt.  McHugh  calibrated  the  furnace  using  a  Chromel-Alumel 
thermocouple  and  this  calibration  has  been  repeated  and 
verified.  The  temperature-current  relationship  is  shown  in 
Figure  11.  Errors  specified  by  McHugh  were  expected  to  be 
no  greater  than  2.2°C  for  the  Chromel-Alumel  thermocouple. 
Heat  loss  due  to  the  conduction  of  the  thermocouple  wires 
are  minimal  with  regard  to  the  small  size  of  the  furnace. 
These  errors  can  be  tolerated  for  the  anticipated  phase 
transformation  surveys  and  the  temperature-current  cali- 
bration is  quite  adequate.  However  the  temperature  vs 
amperage  for  this  thermocouple  setup  is  not  linear  below 
125°C.  Therefore  smaller  temperature  increments  were  used 
to  define  this  region  of  the  curve,  as  experimental  work 
in  this  temperature  range  was  expected.  A  more  precise 
method  of  calibration,  using  materials  with  known  phase 
transformation  temperatures  and  described  previously  in  the 
high  temperature  X-ray  technology  section  of  this  paper, 
was  used  to  verify  this  portion  of  the  curve  during  the 
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experimental  phase. 

One  aspect  of  the  Kepco  power  unit  is  that  the  rate  of 
increase  of  amperage  is  linear  with  respect  to  control  knob 
operation.  Ten  revolutions  of  this  knob  produce  a  maximum 
current  output  of  3«0  amps,  and  each  revolution  of  the  knob 
is  the  equivalent  of  an  increase  of  0.3  amps.  Consequently, 
as  determined  from  the  amperage-temperature  curve,  a  revo- 
lution is  equal  to  a  rise  in  temperature  of  120°C  for  tem- 
peratures in  the  range  of  125  to  800°C.  The  versatile 
fractional  speed  synchronous  timing  motors  again  are  em- 
ployed for  increasing  and  decreasing  specimen  temperature. 
Figure  12  shows  the  simple  setup  used  to  increase  the  tem- 
perature. A  motor  with  a  pulley  and  "0"  ring  making  a 
frictional  contact  with  a  serrated  knob  on  the  shaft. 
Shaft  speed,  and  resulting  amperage  rate  is  increased,  by  a 
factor  of  1.5  in  this  exchange.  Temperature  reduction  is 
accomplished  by  coupling  the  motor  to  the  amperage  control 
shaft  directly  and  is  shown  in  Figure  13.   The  speed  of  the 
motors  used  are  selected  to  be  compatible  with  the  cassette 
speed.  This  means  that  for  each  exposure  period,  as  deter- 
mined by  cassette  speed  and  slit  size,  there  will  be  an 
accompanying  temperature  change.   This  change  may  be  high 
or  low  in  accordance  with  the  experimental  work  being  con- 
ducted. Motor  speeds  of  1/2,  1/3,  1/6,  1/8  Rev.  per  hour 
were  selected  to  give  flexibility  and  cover  the  demands  of 
the  anticipated  investigations.  As  an  example,  for  a 
cassette  motor  speed  of  1/k   rpm,  using  a  1/8  inch  slit 
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focusing  attachment,  each  equivalent  exposure,  as  compared 
to  single  pattern  cameras,  would  be  28  minutes  long  and 
encompass  a  20°C  temperature  decrease  in  the  direct  coupling 
configuration  using  a  1/3  rev  per  hour  power  supply  drive 
motor. 
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7.  Experimental  Investigation. 

During  the  period  of  time  when  the  camera  was  being 
designed,  manufactured,  assembled,  and  refined,  the  author 
devoted  his  spare  time  to  improving  his  X-ray  photographic 
techniques.  Powder  patterns  of  various  specimens  were 
taken  using  the  Buerger  High  Temperature  Camera  shown  in 
Figure  l^.C^]  Powder  photographs  of  various  specimens  were 
taken  at  different  temperatures,  and  would  be  used  for  com- 
parison with  the  patterns  obtained  from  the  proposed  camera. 
The  initial  objective,  to  build  a  high-temperature  X-ray 
powder  camera  that  would  take  a  continuous  series  of  X-ray 
diffraction  powder  patterns  while  the  temperature  of  the 
specimen  was  increased  or  decreased,  was  kept  in  mind  when 
different  specimens  were  selected.  Also  the  objective  of 
recording  a  phase  transformation  on  one  sheet  of  film  was 
used  in  specimen  selection.  Four  specimens  were  selected 
to  show  that  the  designed  camera  and  proposed  concepts 
would  satisfy  these  objectives,  and  show  areas  where  the 
camera  could  be  used.  The  specimen  types  selected  were: 

Alloy  of  unknown  composition.  The  first  specimen  used 
was  a  piece  of  1/8  inch  diameter  welding  rod  with  unknown 
amounts  of  copper,  zinc,  and  manganese.  The  rod  was  machined 
down  to  a  thin  (approx.  3/6^  inch  in  diameter)  solid  rod 
type  specimen.  Powder  particles  of  the  welding  rod  were 
used  to  make  thin  collodion  bonded  specimens.  Room  tem- 
perature patterns  of  the  collodion  and  rod  type  specimens 
were  taken  using  the  Buerger  High-Temperature  Camera  (with 
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and  without  the  furnace  attachment)  and  a  conventional 
Debye-Scherrer  Camera.   For  high  temperature  investigations, 
the  Buerger  Camera  and  rod  type  specimen  were  used  to  take 
photographs  at  various  temperatures. 

Alloy  of  known  composition.  A  beryllium-copper  alloy 
of  known  composition  was  used  as  the  second  specimen  to  be 
investigated.   The  analysis  of  the  specimen  as  supplied  by 
BERYLCO  is  Be-2.00,Co-0.22,Fe-0.1^,Si-0.12,Al-0.03,Zn-0.03, 
Ag-0.01,Sn-0.01,Cr-0.01,Pb-0.00,Cu-balance  (weight  percent). 
The  prepared  specimen  was  a  beryllium-copper  wire  previously 
drawn  down  to  size  by  Lt.  McHugh,  who  used  similar  specimens 
in  his  investigation  of  this  alloy.  The  eutectoid  trans- 
formation temperature  for  this  material  from  the  phase  dia- 
gram presented  in  the  Metals  Handbook  is  575°C  where  00  £ 
phases  transform  to(X+"£  phases.  [6J  The  OL     phase  is  Face- 
centered  cubic,  the  @>    phase  is  Body-centered  cubic,  and  the 
K  phase  is  Body-centered  cubic.   Powder  patterns  were 
taken  above  and  below  this  temperature,  using  the  single 
exposure  high  temperature  camera,  to  be  used  for  correlation 
with  patterns  obtained  from  the  new  type  camera. 

Non-Metal .   The  third  specimen  used  was  ammonium  ni- 
trate, which  has  known  phase  transformations  near  room  tem- 
perature and  gives  a  well  defined  powder  pattern.  |}+,10| 
The  specimen  material  was  in  the  form  of  powder.  The  powder 
was  further  ground  up  and  passed  through  a  325  mesh  screen. 
This  finely  granulated  powder  was  placed  in  thin  walled 
quartz  capillaries  (,7mmI.D.)  especially  designed  for  powder 
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pattern  work  and  distributed  by  UNIMEX-CAINE  Corp.,  Chicago, 
HI.  These  capillaries  were  sealed  off  to  prevent  oxida- 
tion of  the  specimen.  Powder  patterns  at  various  tempera- 
tures were  taken  for  later  comparison.  The  following 
additional  comments  concerning  the  quartz  capillaries  are 
noted  at  this  time.  The  quartz  capillaries  do  not  yield 
a  diffraction  pattern,  but  do  reflect  and  absorb  the  X-rays 
to  some  degree  resulting  in  longer  exposure  times.  These 
capillaries  are  quite  fragile,  and  must  be  handled  with 
care.  Their  outside  diameter  is  fairly  uniform  and  special 
holders,  as  shown  in  Figure  15?  were  manufactured  for  their 
use.  One  end  of  the  holder  mounts  in  the  eccentric  device, 
used  for  centering,  while  the  other  end  contains  a  hole, 
1/2  inch  deep  for  capillary  placement. 

Pure  metal.  Manganese  metal,  a  well-known  polymorphic 
with  several  transformation  temperatures,  the  principal  one 
of  interest  at  678°C,  was  used  as  the  fourth  specimen  type. 
The  metal  available  was  very  brittle  and  permitted  only 
powder  specimens.  One  specimen  was  prepared  by  sealing  it 
off  in  a  quartz  capillary  while  another  was  mixed  with  a 
collodion  to  be  us"ed  at  room  temperature  for  comparison 
with  the  capillary  one.  Powder  patterns  above  and  below 
678°C  were  taken  for  later  comparison. 

Experiments  with  new  camera.  After  receiving  the 
newly  designed  camera  from  the  machine  shop,  the  assembly 
was  mated  to  the  North  American  Philips  X-Ray  unit.  The 
specimens  listed  above  for  single  pattern  studies  were 
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pillary  holder   and         pared  specimens 
used   in  development  of  a  X-ray  Camera 
that   takes   a  continuous   series   of  powder 

btern  photographs. 
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used  and  continuous  exposure  powder  patterns  were  obtained. 
The  setup  used  for  the  camera  is  explained  in  the  Descrip- 
tion and  Operation  section  of  this  paper.  High  and  medium 
intensity  copper  radiation  (maximum  50  KV  and  26  ma)  with  a 
nickel  filter  was  used  for  the  welding  rod,  beryllium- 
copper  alloy,  and  ammonium  nitrate  specimens.  For  the 
manganese  specimen  an  iron  tube  (*+0  KV  and  9  ma)  was  used 
with  a  manganese  filter.  Exposure  times  are  too  numerous 
to  mention,  but  are  labeled  on  the  resultant  powder  pat- 
tern photographs.  Various  combinations  of  exposure  times 
and  heating  rates  were  used  to  produce  photographic  pat- 
terns of  a  quality  suitable  for  comparison  and  presentation. 
Also  specimen  preparations  were  varied  to  accomplish  the 
same  end  result  of  producing  diffraction  powder  patterns  of 
defined  quality.  The  specimens  used  are  shown  in  Figure  15. 
The  camera  assembly's  fractional  speed  synchronous  timing 
motors  and  the  Kepco  power  supply  were  electrically  con- 
nected to  the  Philips  X-Ray  unit.  By  employing  this  elec- 
trical setup,  it  was  possible  to  start  the  radiation,  hori- 
zontal movement  of  the  carriage,  and  programmed  temperature 
changes  at  the  same  time.  Completion  of  the  exposure 
period  and  subsequent  stopping  of  the  above  was  accom- 
plished by  an  electrical  timer  which  is  an  integral  part  of 
the  X-ray  unit.  This  simple  setup  relieved  the  investi- 
gator completely  for  long  periods  of  time  with  the  excep- 
tion of  periodic  equipment  operation  monitoring. 
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8.  Results. 

The  best  method  of  presenting  the  results  of  the  ex- 
perimental work  conducted  is  pictorially.  Figures  16  to  20 
show  the  powder  patterns  taken  with  various  cameras,  differ- 
ent specimens,  exposure  times,  and  temperatures  involved. 
It  should  be  noted  that  the  forward  reflection  is  the  only 
portion  of  the  diffraction  pattern  recorded  when  using  the 
new  type  camera.  This  is  a  result  of  cassette  geometry  and 
focusing  attachment  design.   In  addition,  for  comparison 
purposes,  only  the  forward  reflections  obtained  from  the 
other  cameras  will  be  presented. 

The  powder  patterns  of  the  welding  rod  or  alloy  of  un- 
known composition,  Figure  16,  reveals  no  phase  transforma- 
tion. The  figure  shows  the  same  powder  pattern  at  the  dif- 
ferent temperatures  investigated  for  all  types  of  cameras 
and  types  of  specimens  used.  The  patterns  reveal  some  line 
broadening  and  lightening  and  is  expected.  The  overall  pat- 
tern obtained  from  the  new  camera  resulted  from  a  1/16  inch 
slit  focusing  attachment,  and  a  cassette  speed  of  1  inch 
every  1*+  hours.  The  power  supply  setup  used  for  the  tem- 
perature change  is  shown  in  Figure  12.  The  temperature  in- 
crease was  non-linear  up  to  125°C,  or  for  the  first  10  hours 
of  the  exposure  period.  Thereafter  until  completion  the 
temperature  increased  at  a  linear  rate  of  2,+°0  per  hour. 
This  implies  that  the  film  strip  obtained  from  the  new 
camera,  as  compared  to  single  pattern  cameras,  contains  the 
equivalent  of  26  patterns  with  an  exposure  time  of  52 
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minutes  each.   Each  equivalent  pattern,  during  the  first  10 
hours  of  the  exposure  period,  covers  an  average  temperature 
increment  of  10°C,  and  thereafter  a  constant  temperature 
increment  of  21°C .   There  appears  to  be  no  slope  to  the 
diffraction  pattern  lines  which  should  be  indicative  of  a 
low  rate  of  thermal  expansion. 

Figure  17  shows  the  powder  patterns  of  the  alloy  of 
known  composition,  beryllium-copper,  and  reveals  no  pattern 
changes  in  the  temperature  range  of  25°C  to  750°C.  The 
overall  pattern  obtained  from  the  new  camera  resulted  from 
a  1/8  inch  slit  focusing  attachment,  a  cassette  speed  of  1 
inch  every  3  hours  and  kk   minutes,  while  the  temperature 
was  decreased  using  the  power  supply  setup  shown  in  Figure 
13.  The  rate  of  temperature  decrease  was  a  constant  ^C^C 
per  hour  for  the  first  16  hours  and  an  average  temperature 
decrease  of  2*+°C  per  hour  until  completion  of  the  exposure 
period.  The  film  contains  the  equivalent  of  *+3  single 
patterns  with  an  exposure  time  of  28  minutes  each  covering 
an  l8°C  temperature  increment.  The  lightness  of  the  re- 
sulting powder  pattern  lines  is  due  to  shorter  exposure 
times  and  a  lower  intensity  Cu  target  than  was  used  in  the 
welding  rod  experiment.  A  later  test  with  a  setup  similar 
to  that  used  with  the  welding  rod  specimen  produced  a 
sharper  and  darker  pattern. 

Figure  18  shows  the  patterns  of  the  non-metal  ammonium 
nitrate.  The  upper  part  of  the  figure  compares  powder  pat- 
terns at  various  temperatures  using  conventional  single 
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pattern  cameras.   Differences  in  patterns  are  evident  at 
25°C  and  at  125°C   The  continuous  pattern  obtained  from 
the  new  camera,  lower  part  of  Figure  18,  covers  tempera- 
tures ranging  from  19°C  to  l*+5  C  and  shows  quite  clearly 
pattern  changes  at  35°C,  85°C,  and  125°C.  These  tempera- 
tures are  approximate  as  the  furnace  calibration  curve  is 
non-linear  at  the  low  power  supply  setting  involved.  The 
temperatures  were  determined  by  measuring  distance  on  the 
film  strip  and  converting  it  to  time  from  rate  of  advance 
information.  Time  was  converted  to  amperage  since  the 
amperage  rate  was  known.  Then  graphically  from  Figure  11, 
the  temperatures  relating  to  the  determined  amperages  were 
obtained.  Above  125°C  the  rate  of  temperature  increase  is 
constant  (1  inch  in  horizontal  travel  is  equal  to  3*+0°C), 
and  direct  methods  can  be  employed.  Broadening  lines  and 
lines  of  poor  quality  result  from  the  difficulty  in  pre- 
paring a  uniformly  packed  fine  powder.  The  ammonium  nitrate 
powder  was  water  absorbent  and  caked  together  after  it  was 
screened  before  a  good  specimen  could  be  prepared.  Attempts 
at  drying  the  powder  using  a  kiln  and  desiccator  produced  no 
marked  improvement  in  specimen  quality.  The  continuous  ex- 
posure pattern  reveals  quite  well  the  different  phase  re- 
gions and  transformation  temperatures.   It  can  be  noted  that 
at  first  glance  the  single  exposure  patterns  at  room  tem- 
perature and  at  85°C   look  strikingly  alike,  and  indicate  no 
phase  transformation,  but  careful  examination  and  measure- 
ment point  out  differences.  This  discrepancy  is  not  noted 
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in  the  continuous  exposure  method  and  vividly  points  out  an 
important  advantage  in  using  the  new  type  camera. 

Figure  19  shows  another  ammonium  nitrate  diffraction 
pattern  taken  with  the  camera  under  discussion.  Single  ex- 
posure patterns  included  in  the  figure  are  for  comparison 
purposes.  The  specimen  was  subjected  to  a  two  hour  single 
exposure  period  at  19°C  with  no  carriage  movement,  followed 
by  a  continuous  carriage  movement  exposure  period  with  a 
temperature  increase  to  110°C,  then  a  temperature  decrease, 
and  finally  a  two  hour  single  exposure  period  at  19°C.  The 
1/8  inch  voids  in  between  the  patterns  recorded  result  from 
a  delibrate  movement  of  the  cassette  on  the  carriage  to 
accentuate  the  start  and  stop  of  the  carriage  movement  ex- 
posure period.  This  feature  along  with  the  programmed  in- 
crease and  decrease  in  temperature  on  one  film  strip  points 
up  the  versatility  of  the  camera.   The  reversibility  of  the 
phase  changes  as  indicated  by  the  different  patterns  reveal 
that  the  material  is  allotropic  and  serves  to  show  an 
additional  camera  feature. 

Figure  20  shows  the  patterns  resulting  from  the  pure 
metal  specimen  of  manganese  powder.  No  phase  transfor- 
mation is  evidenced  from  the  patterns  presented.  Trans- 
mission patterns  using  single  exposure  cameras  yield  three 
weak  lines.   No  pattern  of  any  type  was  recorded  using  the 
new  camera.  Absorption  by  the  aluminum  film  holder,  cap- 
illary reflection,  and  relatively  soft  radiation  from  the 
iron  target  element  are  the  factors  contributing  to  no 
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Powder  patterns  of  manganese  us  '.ended 
specimens  and  capillary  encased  specimens 
at  temperatures  indicated. 
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observed  pattern.  These  factors  can  be  overcome  by  refining 
the  apparatus,  specimen  preparation,  and  radiation,  and  in 
so  doing  obtain  manganese  powder  patterns  with  the  new 
camera.  Previous  studies,  by  other  workers,  of  manganese  at 
elevated  temperatures  proved  that  the  metal  was  too  reactive 
to  enclose  in  thin  capillary  tubes  and  too  volatile  to  be 
photographed  in  vacuum.  They  overcame  these  difficulties  by 
using  a  solid  thin  rod  specimen  and  photographed  in  a  pres- 
sure of  several  atmospheres  of  purified  hydrogen.  Time  did 
not  permit  a  similar  setup  by  this  writer  as  difficulty  was 
encountered  in  producing  a  solid  rod  of  the  dimensions  re- 
quired from  the  manganese  source  on  hand. 
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9.  Summary  and  Conclusions. 

(1.)   From  the  resulting  powder  pattern  photographs 
using  the  camera  arrangement  illustrated  and  described  in 
this  paper,  the  initial  objectives  of  this  thesis  have  been 
obtained.  A  camera  was  designed  and  developed  to  take  con- 
tinuous X-ray  diffraction  powder  patterns  of  a  specimen  ex- 
posed to  changes  in  temperature.   Evidence  of  a  phase 
transformation  has  been  recorded  and  determination  of  the 
phase  transformation  temperature  has  been  demonstrated  and 
indicates  one  application  for  such  an  apparatus.  The  cul- 
mination of  this  work  is  illustrated  in  Figure  21  which 
compares  powder  patterns  obtained  by  single  exposure, 
series  single  exposure,  and  continuous  exposure  methods. 

(2.)  The  furnace  with  its  limited  temperature  range 
of  800°C  and  no  provision  for  a  controlled  atmosphere  are 
areas  where  work  is  needed  to  extend  the  versatility  of  the 
entire  unit.  Further  studies  would  be  useful  to  refine  the 
cassette  by  replacing  the  aluminum  with  a  different  mate- 
rial to  hold  the  film,  and  to  investigate  the  possibility 
of  using  interchanging  light  tight  film  holders  to  serve  as 
filters  for  the  ^^>  radiation  while  using  unfiltered  char- 
acteristic radiation. 

(30   One  area  of  research  where  this  camera  unit 
could  be  applied  was  demonstrated  in  this  report  and  that 
is  phase  transformations.   In  that  regard  C.  S.  Barrett, 
about  10  years  ago  in  work  supported  by  ONR,  discusses  some 
theories  of  transformation  in  pure  metals,  where  he 
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classifies  transformations  into  two  types  o[_Q^\     In  one  type, 
martens  it e  for  example,  the  crystal  alters  its  structure 
abruptly,  a  "snap"  reaction,  and  in  some  cases  an  audible 
click  is  observed o   In  the  other  type  transformation  is 
characterized  by  progressive  growth  of  the  new  phase 
through  relatively  slow  migration  of  interphase  boundaries. 
This  process,  a  "sluggish"  movement,  is  a  nucleation  and 
growth  reaction.  Jo  W»  Christian  in  a  recent  paper  dis- 
cusses present  theories  of  martens  it e .  [27_\     The  term 
"military"  is  used  for  the  martens  it ic  transformation  or 
atomic  rearrangement  taking  place  in  a  disciplined  fashion 
in  contrast  to  the  "civilian"  phase  change  characterized 
by  an  independent  random  movement  of  atoms.  These  concepts 
and  theories  should  be  revealed  by  photographs  obtained 
using  the  camera  described „ 

(ho)      Other  areas  where  this  camera  and  provisions  for 
programmed  temperature  changes  could  be  employed  concern 
investigations  of  grain  size,  intermediate  phases,  precipi- 
tation hardening  and  lattice  distortions „ 

(5«)   Further  refinements  and  additions  to  this  camera 
could  include  extension  to  environmental  variables  beside 
temperature.  Recording  powder  patterns  when  the  specimen 
undergoes  pressure  differentials,  changes  in  atmosphere  and 
possibly  conduct  creep  studies  using  thin  rod  type  speci- 
mens and  applying  a  load  through  a  pulley  and  clamp  ar- 
rangement. 
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APPENDIX 

This  appendix  contains  working  drawings  for  a 
X-ray  Camera  that  takes  a  continuous  series  of 
powder  pattern  photographs  while  the  specimen 
is  subjected  to  programmed  temperature  changes. 


61 


APPENDIX  CONTENTS 

Part  Page  No. 

A-l  Film  Cassette  63 

A-2  Film  Cassette  Base  6*+ 

A-3  Carriage  65 

k-k  Sliding  Base  66 

A- 5  Motor  Mounting  Plate  67 

A-6  Mounting  Plate  -  Right  68 

A- 7  Cylindrical  Support  Post  69 

A- 8  Lower  Base  70 

A- 9  Guide  and  Drive  Rods  71 

A-10  Collimator  Holder  72 

A-ll  Focusing  Attachment  73 

A-12  Leveling  Leg  7^ 

A-13  Motor  Bracket/Power  Supply  75 


62 


A-l 


j 

j 

u 
uj 

4 
<j 

10 


IV  >- 

tn  u.i 

55  H 

ofc 

f 


u  5 


U 
JP 


5 

5 

N 

(P 

u 

V' 

2 

w 

4 

V 

6/ 

5 

3 

ft 

P 

I 

V 

in 


in 


J 

u) 

o: 
u 


|V* 


•l<0i 


r 


.    4 

if  i  a 


a- a 


DEPT. 

U.S.  NAVAL  POSTGRADUATE 

SC.^LE      ' 

Mk"TE:e.\^\_-b    "So'euce 

SCHOOL    W\ONiTO&Y5CN-lF 

Full 

DXTE 

S   OCT,     \C^<~> 

TITLE 
Foe:    w\Gv\4  t*emp.  x-e^~< 

WATLSl/M_ 

PREP. 

PMST  MO.      - 

K 

1    ' 

/ 

s 

Hs 

^    1 

1 

1  -v 

<4- 

i 

T 

I 

l—infeo"1 

1,1  -'  i 

rs  i 

ioicO 

4> 

y 
1 

01 
HI 

\ 

0 

0 
J 

0 

uJ 

j 

2 

-i 

• 

<v» 

V 

1 

J 

O 

a 

a) 
id 
0 

J 

-to 

^4- 

T 

— 1^#~ 

1 

i       '             ' 

64 


A-5 


p> 

2 

(9 

0 

i 

t 

0 

r 

fi 

<* 
J 

1 
ui 

3 
J 

C 

* 

id 

4 

7 

A 
J 

a 

4 

£ 

§ 

Jl 

rv 

•1 
I 

•i 

lil 

1 

J 

0 

i 

kl 

* 

1 

* 

0 

1 

* 

* 

V 

1 
\ 

0 

1 
2 

0 

1 

V) 

7 

B 

0 
1 

2 

i/1 

UI 

SF 

<* 

0 

^ 

j 
J 

t 

If 

J 

(V 
O 

7 

N 
It 

4 

1 

(J 

i 

0 

V> 

|J 

>W 

II 

0 

* 

y 

i 

J 

* 

a 

5 

J 

y 
# 

ft 

4 
1- 

£ 

J 

k 

t- 

in 

1 

N 

j 

« 

J 
i 

2 

4 

A 

ao 

1 

-i 
Q 

Of 

o 

&l 

a 

s1 


4 

(V 
Ltl 

i 

uJ 
t 

A 
V 

I 

111 
2 

i 

to 


o 
5. 


w 

If) 

I 

m 

.    *** 

+: 

u 
0 

n 

ip 

Q.5 

It 

Ui 


6? 


A- 4 


"fc—l 3 


-|<\J 


H<\J 


o 

<\J 


ofc 


o 


Dm 


y 

A 

V 

N 

j 

i 

V 

jfl 

ui 

8 

a 

2 

ui 

to 

Sj 

4 

<(T 

i 

7 

<S 

4 

„.e 

£ 

0/ 
ui 

j-i 

fV 

5 

h«j 

n 

4 

\- 

u 

U 

66 


DEPT. 


Ar  5 

U.S.  NAVAL  POSTGRADUATE 
SCUOOL    KAQNnTRLY^CAlir: 


SCALE' 


Put  t. 


DXTE 


"7  MOv,  *Afe»S 


PREP. 


V<E\ 


L 


TITLE 

FOE.       W\c^VA    TtUO     X-^gtX' 

c_  cw  a  ^  sa  &.     k  s>st va^ux 


MATtEtM. 


PMST  MO. 


io|()0 


1 


■T-t 


•    i 


-<te 


-W-^j-] 


5 


67 


A- 6 


VAkTElgy  &.U.-S      SO<E.v\0= 


|Q  MOV/.  ^<=>S 


Kbu 


SCV> 


>OSTG£/\D'JATE 


IL- 


MG\\TtRn_Y5CN_l£ 


TITLE 


SCME 


PM<T  WQ. 

W\S*-3306M 


-  rj 


6e> 


A-7 


DEPT. 


U.S.  NAVAL  POSTGRADUATE 

school  w\QN\~roeY,c/\uF: 


SCAsLE 


FOn 


D;vTt 


PREP. 


1^5.  ^Q^  i  ig^aS 


Kevu 


TITLE. 

CVL.     ^OPPQCX     POST 
•^ae.     v-X\(^u    t^.kk<p,   y.-gp^ 


KAATtfcl/M. 


P£\RT  NO. 

KASX-3207N 


69 


A.-S 


vo 


MkTE.RiM'S   WHENCE 


"XT' 


Z^  UOv .  \%5 


>REP. 


v£e.\ 


U.  6.  NAVAL  PQSTG15NDUATE 
SCUOOL    KAOMT£ggYXN-\g 


TITLE     . 

FQg    V4\£>U    TEN\P.    X-^t^Y 


SCALE" 


PVJUL. 


MPSTEKIAL 

■SPEior\H.O 


P/\RT.UQ. 


Mt>x-  3ZOQ  Ni 


—  LENG^TM   BCLOW 


/ 


FULL    SCALE 


r.^OO 


I.  one:  Steel  R.ofr    -5QO  o\fr-    \q  lo^s    lnp  p»t  W\th  loner  g^e 
g.  One    Steel    r.od    .soo  d>k.    \t"  lo>^g»    l.m>   fit  w>th  >-<y*igj*  SiSS 

5.  OHE.     STEE-t    ROD    .  EOO    0>A.     1^"  LQKk£>     P*t  to  e>EAR.mftS     *m   SUOlWEt 


KAktcrvixl;  -Stccl   rod 


C/^«RitwG»E     DC  WE    ROD 


=* 


375 


€5- 

1 


_   .  J 


8 


-»*- 


T|1 


7 


«■* 


^7 


M 


2 


■  TAP  i  DRVLLFOC 

stfSceed 


LAP   fit   *nxu    »AKTiw<ev    P>EX.g 

attached    to    ckR.em^e 


2Z 


I — ,.feaa-+.2Q2. — __. 


13 


5E      DRILL  ^Dift 


8 


^OE.eo  TWO 
WOl_a-S 


4-  S 


£i 


DRILL*  45  -TAP  4--40MC   Tv^iO  HOLE'S 
A.^>    SWOWN 


MOTQR.    at£AX.>CET     MTACU  TO 


LCyjEg.     E>At>E     R.\«*ut    emo 


71 


A- to 


DEP  i. 


D^TE 


PREP. 


2    DELC,    \CjCsS 


v<e\v_ 


U.S.  NAVAL  POSTGRADUATE 
SCUOOL    KAQNCTTRLY^CNJH 


Title: 


SCALE' 


^o\_^_ 


NA^TtSifkL 


e.e/\-=,*s 


PM5T  HO.     - 


Drill*  5S 


Tfr,p     £y-4A-KjP-Z 
HOLE 


DfclLL,    .25>ODi&    UOL.E.   +.005 


^72 


DEPT. 


•SC^EKICE. 


U.  s!  N/WAL  POSTSfcKDUATE 


SOM.E' 


RiV-u 


D\TE 


_S_Erec.   \^fa>5 


TITLE 


NTT  fc.C  U  VA  EWT 


PI5EP 


V^ElL. 


Foe  VM&v*   Te^p.'x,.ekx 


73 


DEPT. 


U.  S.  NAVAL  POSTGRADUATE 
SCUOQL    KAQMTeRLY.CMIF 


SCALE 


F\)U_ 


DATE 


9  Dec,  >c^fa5 


TITLE 


PREP. 


\0=L\1 


fog.    vu<s>u   Tg-tAP;   x-g^-y 


Pf\^T  MO. 


jay  ^  PiM 


?  D>ft>-  TMECfrQ  -fSMl-7 


gQOMO  MEAp 


3    EEQ, 


74 


DEPT. 


SCIENCE. 


U.  S.  NWAL  POSTGRM)UME 
SCUQQL    KAQMTeReY.CMlF 


SCALE 


P^o  UP- 


DATE 


2Q  ^tt^.   \C\^(co 


P&Z& 


TITLE 

VACTTQg     Be.KCvcH.-r   -  \JSED 


MATtElM. 


V< 


\Vi      U\GVA 


HAP     X-fcttf   NAiO0< 


P/^RT  NO. 


T5 


INITIAL  DISTRIBUTION  LIST 


No.   Copies 


1.  Defense  Documentation  Center  20 

Camerdn  Station 
Alexandria 3  Virginia  2231*+ 

2.  Library  2 

U.  So  Naval  Postgraduate  School 
Monterey,  California 

3.  Bureau  of  Naval  Weapons  1 

Department  of  the  Navy 
Washington,  Do  C0 

k.     Prof.  Newton  We  Buerger  1 

Department  of  Materials  Science 
U.  S.  Naval  Postgraduate  School 
Monterey,  California 

5.   LCDR.  Louis  D.  Keil9  USN  1 

17  Mervine  Street 
Monterey,  California  939^0 


76 


UNCLASSIFIED 


Security  Classification 


DOCUMENT  CONTROL  DATA  -  R&D 

(Security  classification  of  title,   body  of  abstract  and  indexing  annotation  must  be  entered  when  the  overall  report  ie  classified) 


1.  ORIGINATING  ACTIVITY  (Corporate  author) 

Ordinance  Engineering  Programs 
U.  S.   Naval  Postgraduate  School 
Monterey,  California 

3.  REPORT  TITLE 


2a.    REPORT  SECURITY     C  L  ASSI  FIC  A  TION 


UNCLASSIFIED 


26     CROUP 


DESIGN  AND  DEVELOPMENT  OF  A  X-RAY  CAMERA  FOR  CONTINUOUS    POWDER 
PHOTOGRAPHS   DURING   PROGRAMMED  TEMPERATURE  CHANGES 


4.   DESCRIPTIVE  NOTES  (Type  of  report  and  Inclusive  datee) 

Thesis 


5    AUTHORCS;  (Last  name,  tint  name.  Initial) 


Keil,   Louis   D. 


6.  REPORT  DATE 


May  1966 


la.    TOTAL  NO.    OF    PAGES 


_Z8_ 


76.    NO.   OF  RCFS 

26 


8«.     CONTRACT    OR    GRANT    NO. 

NOT  APPLICABLE 

b.    PROJECT   NO. 


9a.    ORIGINATOR'S  REPORT  NUMBERfSJ 


96     OTHER  REPORT    NOfS)   (A  nv  other  numbers  that  may  be  assigned 
this  report) 

None 


10.  AVAILABILITY/LIMITATION  NOTICES 


nTs  document  lias"  been  approved  for  publi' 
release  and  sale;  its  distribution  is  unii^u. 


i 


<*1 


11.  SUPPLEMENTARY  NOTES 

None 


12.  SPONSORING  MILITARY  ACTIVITY 

Bureau  of  Weapons 
Department  of  the  Navy 
Washington i  D.  C. 


13.  ABSTRACT 


X-ray  Analysis,  using  the  Debye-Scherrer  method,  has  been 
a  laboratory  tool  for  many  years  in  studying  the  behavior  of 
materials.   The  importance  of  performing  investigations  at 
high  temperatures  and  changing  environments  led  to  the  design 
and  development  of  a  X-ray  Camera  that  extends  the  capabilities 
of  basic  powder  pattern  technology.   A  camera  was  designed  to 
take  a  continuous  sequence  of  X-ray  powder  photographs  on  a 
single  strip  of  film  while  specimen  temperature  was  changed. 
The  design  and  development  of  this  apparatus  and  its  appli- 
cation in  phase  transformation  studies  is  described  and 
illustrated.   The  powder  pattern  photographs  obtained  with  this 
apparatus  provide  desirable  features  and  comparison  presenta- 
tion that  can  be  applied  to  other  investigations. 


DD 


FORM 

1    JAN   «4 


1473 


UNCLASS IFIED 


Security  Classification 


^L 


UNCLASSIFIED 


Security  Classification 


14- 


KEY  WORDS 


LINK  A 


ROLE 


LINK  B 


ROLE 


LINK  C 


Apparatus   for  Continuous  X-Ray 
Powder  Patterns 

X-Ray  Powder  Camera  for  Elevated 
Temperatures 

High  Temperature  X-Ray  Analysis 

Phase  Transformation  Temperature 
Powder  Pattern  Studies 


INSTRUCTIONS 


1.    ORIGINATING  ACTIVITY:    Enter  the  name  and  address 
of  the  contractor,  subcontractor,  grantee.  Department  of  De- 
fense activity  or  other  organization  (corporate  author)  issuing 
the  report. 

2a.    REPORT  SECUHTY  CLASSIFICATION:    Enter  the  over- 
all security  classification  of  the  report.    Indicate  whether 
"Restricted  Data"  is  included.    Marking  is  to  be  in  accord- 
ance with  appropriate  security  regulations. 

2b.    GROUP:    Automatic  downgrading  is  specified  in  DoD  Di- 
rective 5200. 10  and  Armed  Forces  Industrial  Manual.   Enter 
the  group  number.    Also,  when  applicable,  show  that  optional 
markings  have  been  used  for  Group  3  and  Group  4  as  author- 
ized. 

3.  REPORT  TITLE:    Enter  the  complete  report  title  in  all 
capital  letters.    Titles  in  all  cases  should  be  unclassified. 
If  a  meaningful  title  cannot  be  selected  without  classifica- 
tion, show  title  classification  in  all  capitals  in  parenthesis 
immediately  following  the  title. 

4.  DESCRIPTIVE  NOTES:    If  appropriate,  enter  the  type  of 
report,  e.g.,  interim,  progress,  summary,  annual,  or  final. 
Give  the  inclusive  dates  when  a  specific  reporting  period  is 
covered. 

5.  AUTHOR(S):    Enter  the  name(s)  of  authors)  as  shown  on 
or  in  the  report.    Enter  last  name,  first  name,  middle  initial. 
If  military,  show  rank  and  branch  of  service.    The  name  of 
the  principal  author  is  an  abaolute  minimum  requirement. 

6.  REPORT  DATE:    Enter  the  date  of  the  report  as  day, 
month,  year;  or  month,  year.    If  more  than  one  date  appears 
on  the  report,  use  date  of  publication. 

7a.    TOTAL  NUMBER  OF  PAGES:    The  total  page  count 
should  follow  normal  pagination  procedures,  i.e.,  enter  the 
number  of  pages  containing  information. 

76.    NUMBER  OF  REFERENCES:     Enter  the  total  number  of 
references  cited  in  the  report. 

8a.    CONTRACT  OR  GRANT  NUMBER:    If  appropriate,  enter 
the  applicable  number  of  the  contract  or  grant  under  which 
the  report  was  written. 

86,  8c,  &  8d.  PROJECT  NUMBER:  Enter  the  appropriate 
military  department  identification,  such  as  project  number, 
subproject  number,  system  numbers,  task  number,  etc. 

9a.    ORIGINATOR'S  REPORT  NUMBER(S):    Enter  the  offi- 
cial report  number  by  which  the  document  will  be  identified 
and  controlled  by  the  originating  activity.    This  number  must 
be  unique  to  this  report. 

96.  OTHER  REPORT  NUMBER(S):  If  the  report  has  been 
assigned  any  other  report  numbers  (either  by  the  originator 
or  by  the  sponsor),  alao  enter  this  number(s). 

10.    AVAILABILITY/LIMITATION  NOTICES:    Enter  any  lim- 
itations on  further  dissemination  of  the  report,  other  than  those 


imposed  by  security  classification,  using  standard  statements 
such  as: 

(1)  "Qualified  requesters  may  obtain  copies  of  this 
report  from  DDC ' ' 

(2)  "Foreign  announcement  and  dissemination  of  this 
report  by  DDC  is  not  authorized." 

(3)  "U.  S.  Government  agencies  may  obtain  copies  of 
this  report  directly  from  DDC.    Other  qualified  DDC 
users  shall  request  through 


(4)     "U.  S.  military  agencies  may  obtain  copies  of  this 
report  directly  from  DDC    Other  qualified  users 
shall  request  through 


(5)     "All  distribution  of  this  report  is  controlled.    Qual- 
ified DDC  users  shall  request  through 


If  the  report  has  been  furnished  to  the  Office  of  Technical 
Services,  Department  of  Commerce,  for  sale  to  the  public,  indi- 
cate this  fact  and  enter  the  price,  if  known, 

11.  SUPPLEMENTARY  NOTES:  Use  for  additional  explana- 
tory notes. 

12.  SPONSORING  MILITARY  ACTIVITY:  Enter  the  name  of 
the  departmental  project  office  or  laboratory  sponsoring  (pay- 
ing for)  the  research  and  development.    Include  address. 

13.  ABSTRACT:    Enter  sn  abstract  giving  a  brief  and  factual 
summary  of  the  document  indicative  of  the  report,  even  though 
it  may  also  appear  elsewhere  in  the  body  of  the  technical  re- 
port.   If  additional  space  is  required,  a  continuation  sheet  shall 
be  attached. 

It  is  highly  desirable  that  the  abstract  of  claaaified  reports 
be  unclassified.    Each  paragraph  of  the  abstract  shall  end  with 
an  indication  of  the  military  security  classification  of  the  in- 
formation in  the  paragraph,  represented  as  (TS),  (S),  (C),  or  (V). 

There  is  no  limitation  on  the  length  of  the  abstract.    How- 
ever, the  suggested  length  is  from  150  to  225  words. 

14.  KEY  WORDS:    Key  words  are  technically  meaningful  terms 
or  short  phrases  that  characterize  a  report  and  may  be  used  as 
index  entries  for  cataloging  the  report.    Key  words  must  be 
selected  so  that  no  security  classification  is  required.    Identi- 
fiers, such  as  equipment  model  designation,  trade  name,  military 
project  code  name,  geographic  location,  may  be  used  as  key 
words  but  will  be  followed  by  an  indication  of  technical  con- 
text.   The  assignment  of  links,  roles,  and  weights  is  optional. 


DD 


FORM 

1    JAN   64 


1473  (BACK) 


UNCLASSIFIED 


78 


Security  Classification 


thesK243 

Design  and  development  of  a  x-ray  camera 


3  2768  002  11200  5 

DUDLEY  KNOX  LIBRARY 


■"■I 


Mi 


HI 


w 


:   •  '■  'V  BUS  ft 


''■■  ■•■■■/  ■■ 

HfflH 


sa?. 


UR 


HH 

■Hi 
■r 


'■■■•'•  "• 


